INTRODUCTION
In recent years numerous changes have occurred in the classification of the Rh izo b ium-Agr o bac t er ium group which, together with the genera Ochrobactrum, Phyllobacterium, Brucella and Bartonella, constitute a separate rRNA cluster in the alpha subclass of the P. de Lajudie and others fourth sub-group is the most divergent branch from the other three sublineages and corresponds to the recently proposed genus Mesorhizobium (1 6, 20) including Mesorhizobium loti (1 9, Mesorhizobium huakuii (4), Mesorhizobium ciceri (30) , cluster U (6), Rhizobium tianshanense (5), Rhizobium mediterraneum (29) and Rhizobium sp. (Cicer) genomic groups 3 and 4 (29) . Several emerging rhizobial groups can already be identified as belonging to Mesorhizobium (1 8, 28, 3 1, In a previous polyphasic study of tropical rhizobia (6) we described a new group belonging to the Mesorhizobium branch, the so-called cluster U, comprising strains isolated from different leguminous species in Africa (29) .
Considerable internal heterogeneity demonstrated in cluster U by protein gel electrophoretic and auxanographic results was confirmed by DNA-DNA hybridization which revealed at least two different genospecies (6).
Here we report more taxonomic data on cluster U, including nodulation tests on diverse legume plants and further genotypic characterization by repetitive extragenic palindromic-PCR (REP-PCR), 16s rRNA gene sequencing and DNA-DNA hybridization. We found additional members of cluster U by screening more isolates from Senegal. We also included representatives of the phenotypic clusters previously formed by 60 rhizobial strains from Acacia senegal and Prosopis chilensis in the Sudan (50) and representative strains of genospecies 3 and 4 reported by Nour et al. (30) within a group of Cicer isolates. As a result of this polyphasic approach, we propose the creation of a new species, Mesorhizobium plurfarium, for this group which is clearly separate from the other Mesorhizobium species. 43 ).
METHODS
Bacterial strains. Rhizobium strains were isolated from root nodules harvested on young seedlings of species of Acacia or Prosopis grown in tubes in the presence of soil suspension as previously described (6).
All strains used are listed in Table 1 . They were checked for purity by repeated streaking and by microscopical examination. The identity of the nodulating strains was checked by plant infection tests on the original host plants.
We included type or representative strains of the different Rhizobium, Brady rhizo bium, Azor hizobium, Mesor h izobium , Sinorhizobium and Agrobacterium species, clusters of rhizobia described in Brazil by Moreira et al. (27) , in Sudan by Zhang et al. (50) and genospecies 3 and 4 found among Cicer isolates by Nour et al. (30) . Growth and culture conditions. All Rhizobium and Bradyrhizobium strains were maintained on yeast mannitol agar (YMA), containing (g 1-l): mannitol, 10; sodium glutamate, 0.5; K, HPO, , [0] [1] [2] [3] [4] [5] This was performed using small modifications of the procedure of Laemmli (17), as described previously (6). The normalized densitometric traces of the protein electrophoretic patterns were grouped by numerical analysis, using the GelCompar 2.2 software package (40). The similarity between each pair of traces was expressed by the Pearson product-moment correlation coefficient (r) converted for convenience to a percentage (32, 33) . REP-PCR. Cells for DNA isolation were grown at 28 "C in 5 ml yeast extract-mannitol broth (19) to saturation. Total DNA was isolated from 1.5 ml cultures using hexadecyltrimethyl ammonium bromide (2). The concentration was verified by comparing the DNA samples with the known concentrations of ADNA in agarose gel electrophoresis. The oligonucleotide primers (41) were synthesized by the Institute of Biotechnology, University of Helsinki. PCR amplifications were carried out in 25 p1 reaction volume containing about 50 ng chromosomal DNA, 35 pmol primer (BOXA 1 R or GTG5) or primers (REP1 R-1 and REP2-1 or ERIClR and ERIC2), 1 mM dNTPs, 2 U Dynazyme DNA polymerase (Finnzymes) and PCR buffer (10 mM Tris/HCl, pH 8.8 at 20 OC, 7 mM MgCl,, 50 mM KC1,O.l YO Triton X-100, 10% DMSO, 170 mg BSA ml-l). The amplifications were performed with a DNA thermal cycler (Minicycler; MJ Research). For the REP primers the following temperature profile was used: initial denaturation at 95 "C for 6 min, 30 cycles at 94 "C for 1 min, at 40 "C for 1 min and at 65 "C for 8 min; final extension at 65 "C for 16 min. For ERIC, BOX and GTG primers, the first 7 min at 95 "C was followed by 30 cycles at 94 "C for 1 min, at 52 "C for 1 min, at 65 "C for 8 min; final extension at 65 "C for 16 min. After the reaction, 8 pl of the products were separated on 1.5% agarose gels for 6 h at 60 V, stained with ethidium bromide and photographed using Polaroid type 55 film. The REP-PCR fingerprints were analysed by the GelCompar 2.2 program and unweighted pair group method with averages (UPGMA) dendrograms were constructed from the profiles. Plant infection tests. The seeds were scarified and surfacesterilized with concentrated sulfuric acid. The durations 
Cicer arietinum L.
Cicer arietinum L. After acid treatment, the seeds were washed with water until all traces of acid were removed. The seeds were germinated in sterile Petri dishes on 1 % water agar for 24-48 h and then transferred to tubes containing Jensen seedling slant agar (42) for root nodulation trials (8-10 plants were routinely tested with each strain). Root nodules appeared 10-20 d after inoculation and 3 weeks later they were fully developed. Analysis of 165 rRNA genes. A large fragment of the 16s rRNA gene [positions 2 1-1 521, Escherichia coli numbering system (3)] was amplified by PCR and sequenced directly as described previously (45, 46) . The sequences determined, together with reference sequences from the EMBL database, were aligned using the PILEUP and PRETTY programs in the Genetics Computer Group (GCG) analysis package (9). The alignment was verified and corrected manually. In total, a NEIGHBOR and CONSENSE (12) . Similarity values were calculated using the DISTANCES program in the GCG package.
DNA base composition. Cells were grown for 2-3 d in Roux flasks on TY medium. High-molecular-mass DNA was prepared by the method of Marmur (22) . The G + C content was determined by thermal denaturation (7) and calculated by the equation of Marmur & Doty (23), as modified by De Ley (7). DNA from E. coli LMG 2093 was used as a reference.
DNA-DNA hybridization. DNA-DNA hybridizations were performed with the initial renaturation rate method as described previously (8). Renaturations using approximately 50 pg DNA ml-' were carried out at 79.8 "C, the optimal renaturation temperature in 2 x SSC (SSC is 0.15 M NaCl, 0.015 M sodium citrate, pH 7.0).
RESULTS

Collection of
Rhizobium isolates continuous stretch of 1398 bases (including gaps) was used for further analysis. Distances were calculated using the DNADIST program of the Phylogeny Inference Package, PHYLIP (1 2) . The program NEIGHBOR of the Same package (12) was used to produce an unrooted phylogenetic tree. The stability of the groupings was verified by a bootstrap analysis of 500 data sets using the programs DNABOOT, DNADIST, We studied strains isolated previously (6), together with a number of new isolates from different ecological areas in Senegal 
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SDSPAGE of total bacterial protein
A total of 700 protein profiles, including all strains previously found in cluster U (6), new isolates from Senegal, representatives from the phenotypic clusters from Sudan (SO) and from the different Rhizobiurn, Sinorhizobiurn, Mesorhizobiurn, Azorhizobiurn and Agrobacteriurn species and groups were compared. In the resulting dendrogram, cluster U was found to be clearly distinct from all the previously described species of Rhizobiurn, Sinorhizobiurn, Mesorhizobiurn, Azorhizobiurn and Agrobacteriurn. Since we will focus on cluster U, a limited dendrogram (90 protein patterns) containing this group, its closest relatives and some representatives of the other named species is shown in Fig. 1 . Cluster U (6) has been enlarged by five Senegalese strains : ORS 1026 from Acacia senegal, ORS 1095 and ORS 1096 from Acacia tortilis subsp. raddiana, and ORS 42 and ORS 38 from Prosopis julgora. At or above a mean correlation coefficient (r) of 82%, cluster U now contains 32 strains.
The four previously distinguished (6) subclusters Ul-U4 are slightly modified. Subcluster U1 and U2 plus strains ORS 1002 and ORS 1088 are now found intermixed in our new analysis and form a single but rather heterogeneous group, a (Fig. 1) . The 11 strains (five from Senegal, six from Brazil) previously found in subcluster U3 plus three additional Senegalese strains (ORS 1095, ORS 1096 and ORS 38) now group in one subcluster, b. The former subcluster U4, which consisted of M . loti strains LMG 6123 and LMG 6124 (6) now groups outside cluster U and appears to be more similar to Mesorhizobiurn sp. (Cicer). did not grow significantly on TY medium, which is used for all the rhizobia in our database. Therefore strains of the Mesorhizobiurn species were grown on YMA and the resulting protein profiles were compared to those of representatives of the different subclusters of cluster U, also grown on YMA. All profiles obtained on YMA are marked as such in Fig. 1 . We found that the growth medium used had no effect on the protein pattern of Mesorhizobiurn sp. (Cicer) LMG 14994 and 14995, M . ciceri LMG 14989 and M . huakuii LMG 14107 since profiles obtained on the two media grouped together (Fig. 1) . By contrast, some members of cluster U (LMG 9970 and ORS 1024) grouped outside cluster U when grown on YMA. Our results show that M . rnediterraneum, M . ciceri, M . huakuii, M . tianshanense and Mesorhizobiurn sp. (Cicer) strains from genomic species 3 and 4 (29) do not cluster in cluster U. Two particular Sudanese isolates from Acacia senegal, HAMBI 260 and HAMBI 1487, belonging respectively to phena 4 and 13 (SO) and having an identical 16s-PCR-RFLP genotype to cluster U (28), were also included in the study. HAMBI 260 was only grown on YMA and groups with strain ORS 1024 when grown on YMA, indicating that HAMBI 260 is probably a genuine member of cluster U ; HAMBI 1487 groups with LMG 6124 when grown on YMA.
Amplification of the genomic DNA by REP-PCR
The amplifications resulted in specific fingerprints with fragment sizes ranging from approximately 03-65 kb. A UPGMA dendrogram was constructed from the combined fingerprint profiles obtained with primers REP, ERIC, BOX and GTG (Fig. 2) 
G+C content
The G + C content of strains of cluster U was 62.6644 mol% (Fig. 3) .
DNA-DNA hybridizations
The genomic heterogeneity reported previously among the members of cluster U (6) was investigated further by extensive DNA-DNA hybridizations. More representative strains from each protein electrophoretic subcluster were included. The results are presented in Fig. 3 These sequences were obtained from strains LMG 6125T and ATCC 33669T, respectively. They show 99.3 % similarity with each other (8 base differences), which is not particularly high for strains that represent the same original isolate. In fact, the sequence of LMG 6125T has greater similarity to that of M . ciceri UPMCa7T (99.7 % similarity) than to that of ATCC 33669T. From our results (Fig. 4) , it is nevertheless clear that LMG 6125T and ATCC 33669T group relatively closely together and group separately from IAM 135MT. Their relatively low levels of 16s rDNA sequence similarity (976-97.7 %) with strain IAM 13588T suggest that the identity of the IAM type strain is questionable.
M . loti strains group in two separate clusters: five strains, LMG 6125T, ATCC 33669T, LMG 4284, R88B and R8CS group together with M . ciceri UPM-Ca7T and Mesorhizobium sp. strains CJ2 and CJ5, two representatives of a group of non-symbiotic field isolates from the rhizosphere of Lotus corniculatus (38), at or above a similarity level of 99% (Fig. 4) . A bootstrap value of 100% shows this grouping to be statistically significant. Four other strains, IAM 13588T, LMG 6124, ICMP 3153 and LMG 6123, group together at or above a similarity level of 99.6 %. They are closely related to M . huakuii IAM 14158T
(99.7-99.8 YO similarity), cluster U (99-3-99-4 YO) and M . mediterraneum UPM-Ca36T (99-1 %), whereas their level of sequence similarity with the first group of M . loti strains is 97.8-98.6 YO.
Host specificity
The plant host origins of strains belonging to cluster U are diverse (Table 1) . Lortet et al. (21) reported that 18 strains from cluster U genospecies I and I1 exhibited similar host specificity towards Sesbania (Sesbania rostra ta, Sesban ia grandijlo ra , Sesban ia pubescens), Acacia (Acacia senegal, Acacia tortilis subsp. raddiana, 6 Results from Nour et al. (30) .
P. de Lajudie and others
D-Melibiose Xylitol D-Lyxose D-and L-Fucose Fumarate, L-malate Glycolate D-Malate L-Ornithine L-Arginine L-Proline DL-4-Aminobutyrate Citrate DL-3-H ydroxybutyrate Acetate L-a-Alanine, L-leucine D-Tagatose DL-Glycerate Sarcosine Histamine Dulci to1 b-Gentiobiose L-Lysine L-Isoleucine Trigonelline b-Alanine ~~-5-Amino-valerate D-Raffinose Methyl-D-glucoside L-Valine L-Threonine L-Sorbose L-Phenylalanine L-Asparta te L-Arabitol,
1) Results from Chen et al. (5).
Tropical tree rhizobia 
DISCUSSION
In a previous polyphasic taxonomic study of rhizobia we described a new group, designated cluster U, for a number of isolates from different leguminous plants in Africa, Brazil and New Zealand. We found this group to belong to the Mesorhizobium rRNA branch in the alpha subclass of the Proteobacteria, in the vicinity of M . huakuii (6). In the present study we extended the characterization of cluster U by including four new Senegalese isolates and additional reference strains from species and groups of the Mesorhizobium rRNA branch in the SDS-PAGE analysis. We performed more DNA-DNA hybridizations and 16s rRNA sequencing and introduced an additional technique, REP-PCR.
On the basis of our extensive analysis of protein patterns, cluster U now comprises 32 strains (Fig. 1) . It is clearly distinct from other species in related genera such as Rhizobium, Azorhizobium, Sinorhizobium and Bradyrhizobium and also from the different Mesorhizobium species included. This separate position of cluster U is confirmed by the phylogenetic analysis of 16s rDNA genes. All the Mesorhizobium sequences available were included, as well as representatives from related taxa. From the results it is evident that cluster U strains form a separate lineage on the larger Mesorhizobium rRNA branch. Their nearest neighbour on this rRNA branch is M . huakuii IAM 14158T at 99.6 YO sequence similarity (Fig. 4 ), corresponding to 6 base differences.
Because of the inclusion of additional strains in the SDS-PAGE study, the internal structure of cluster U has been modified. The four subclusters Ul-U4 evident in our previous analysis (6) have been rearranged: in the present analysis we distinguish only two main subclusters, a and b. The first subcluster (a) consists of all strains that previously made up subclusters U1 and U2, supplemented by two new isolates and two previously separate strains ; the second subcluster (b) consists of strains that previously formed subcluster U3, supplemented with three new isolates. The two strains of the former subcluster U4 ( M . loti strains LMG 6123 and LMG 6124) now group outside cluster U in the SDS-PAGE analysis (Fig. 1) . Although SDS-PAGE does allow the cluster U strains to be identified, some reorganization in the internal groupings occurred in our new analysis and it is clear that sub-groupings on the basis of protein patterns are not stable, indicating that this technique alone is not sufficient for the study of the internal structure of cluster U. REP-PCR experiments with representative cluster U strains distinguished clearly subcluster a, while subcluster b was further divided into two parts.
Despite the considerable internal structure of cluster U shown by these two techniques, and previous evidence of the presence of genotypic sub-groups (6), 16s rRNA gene sequences of four members representing cluster U were found to be identical. This was confirmed by the single genotype found for 18 strains by amplified rDNA restriction analysis (ARDRA) of the 16s rRNA gene (28) . Therefore more extensive DNA-DNA hybridization experiments were performed. More strains representing the different electrophoretic subclusters were included as well as representative strains of the other Mesorhizobium species and Mesorhizobium sp. (Cicer), the unnamed genomic group 3 described by Nour et al. (29) . Our results reveal the presence of at least two separate DNA groups (Fig. 3 ) in cluster U.
Group I consists of strains from electrophoretic subcluster a, representatives of which show at least 77 70 internal DNA hybridization. As suggested by Nick et al. (28) and REP-PCR results here, strain HAMBI 1487 from Sudan also belongs to this DNA group (with high DNA hybridization) although it does not group inside cluster U by SDS-PAGE. The second Sudanese strain having the same genotype as cluster U in ARDRA (28) was not included in DNA-DNA hybridizations, but is confirmed as a regular cluster U strain because of its REP-PCR profile and its similar protein profile on YMA.
Group I1 consists of strains of electrophoretic subcluster b. Since no significant DNA hybridization was found between the two DNA groups of cluster U and any of the other Mesorhizobium species included, the two DNA groups could be regarded as separate genospecies in the genus Mesorhizobium. In accordance with the guidelines for the definition of species (44) , it could be argued that a new Mesorhizobium species should be created for each of these genospecies (28), SDS-PAGE of proteins, total DNA hybridization and 16s rDNA sequencing. The G + C content is 62-6-64.4 mol %.
The type strain is the well-studied strain ORS 1032T 
